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A transmission unit transmits an ultrasonic wave by a drive
signal being supplied to two terminals. A reception unit
receives the ultrasonic wave transmitted from the transmis-
sion unit and to output a reception signal from two terminals
in accordance with the received ultrasonic wave. A change
unit changes a determination scheme for determining a type
of a recording medium, based on information indicating a
relation between a polar character of the transmission unit
and a polar character of the reception unit, the information
having been acquired from the reception signal.

16 Claims, 14 Drawing Sheets

80

CPU 804

805

806 807

cigekne

MALFUNCTION
DETEGTON

MEMORY

CONPUTING
PART

1 LA

v1 vz Vth

802

HETERMMWN SETTIM‘

TRANSMISSION
PART

33

TRANSMISSION CONTROL PART

331

GRAMMAGE SENSOR

30
Pl

IVE SIGNAL

DRI
1 AHPUFER [e| GERERATION
PART

ORVE S/

SENSOR
CONTROL
PART.

CONTROL
PART

p

U

REGEPTION CONTROL PART

=]
O

DETECTICN CROUIT

351 32 343
arurier |5 HATWAE L ao cowverTer

i
RECEPTION
PART




US 9,372,461 B2

Page 2
(56) References Cited 9,058,000 B2* 6/2015 Ebihara .............. GO03G 15/5029
2011/0142459 Al* 62011 Aoki ..oocovveoenean.. GO03G 15/6558
U.S. PATENT DOCUMENTS 399/12
2011/0191568 Al 82011 Yamamoto
7,522,087 B2 4/2009 Shibamiya et al. 2013/0039672 Al*  2/2013 Ishida ... GO03G 15/5029
8,023,802 B2 9/2011 Miyamoto et al. 399/45
8391735 B2* 3/2013 Kuramochi ... . B65H 7/02 2014/0105625 Al*  4/2014 Aoki ..oooccovvvnnnne. GO03G 15/6558
399/389 2015/0015085 Al 1/2015 Y: .
8,549,742 B2  10/2013 Yamamoto amamoto
8,774,653 B2 = 7/2014 Iwasaetal. ggigfggggggg ﬁi* 13?5812 ithlda b GO3G 15/5029
8,875,581 B2* 11/2014 Nakamura ........ GO3G 15/5029 atanabe ......... 390/45
73/599
8,884,471 B2 11/2014 Yamamoto * cited by examiner



U.S. Patent Jun. 21, 2016 Sheet 1 of 14 US 9,372,461 B2




U.S. Patent Jun. 21, 2016 Sheet 2 of 14 US 9,372,461 B2

80
7
CPU 804 805 806 807
2 e el -
~enies | IMALFUNCTION
CLSXQ%NU DETECTION MEMORY COE“E@?{F‘?NG
PART
804 VZVith  gg9 803 808
Z P i 7
COMPARISON CHANGE DETERMINATION SETTING
PART PART PART PART
ViV2 Vth V1
40
P
TRANSMISSION 33 GRAMMAGE SENSOR
D
' ;}RT TRANSMISSION CONTROL PART
/ /332 /331 /341 }G
‘ DRIVE SIGNAL | I DRIVE SIGNAL SENSOR
3 }( AMPLIFIER |- GENERATION J& CONTROL & CONTROL
PART PART PART
-\
S 34
RECEPTION CONTRCL PART
32 /342
; DETECTION CIRCUIT
L\ /351 /352 /343
W HALF-WAVE L \ "
\ 3 AMPLIEIER RECTIRER s%A@CQN\/ERTER
RECEPTION
PART




US 9,372,461 B2

Sheet 3 of 14

Jun. 21, 2016

U.S. Patent

AL

aOND -

JAYM
GdiHL

.
<

{0S TYNOIS NOLLDILIT
NOILYDIAILOEY FAYM
-4 H Y3 LY
WHOSIAYM

15 YNDIS
NOLLGE03Y

45 TYNDIS JARID



U.S. Patent Jun. 21, 2016 Sheet 4 of 14 US 9,372,461 B2

33
+  TRANSMISSION
! _ CONTROL
2 PART
o
340~ e
320~ A
330 3{;@

bl e NEGCEPTION
I CONTROL
+ PART

T THIRD
- WAVE
A L)
Sh
Sr
Sd ;
0 =2

O =p
o
=
[ RR]



U.S. Patent Jun. 21,2016 Sheet 5 of 14 US 9,372,461 B2

4C

33

8

+ TRANSMISSION
E _ CONTROL
¥ PART

310~

N op

N il

32@ \—-5*; e
RN L

B
+ o
o] o RECEPTION
1 CONTROL
+ PART

s THIRD

A L WAVE
Sh
St
5




U.S. Patent Jun. 21,2016 Sheet 6 of 14 US 9,372,461 B2

33
+  TRANSMISSION
! _ CONTROL
2 PART
b
e

310~

;: e i
32@"\\“ Lo '"?‘_f -"g

B
LA
Ly RECEPTION
{ CONTROL
+ PART
A - THIRD
WAVE
Sh
Sr
8
0 g

o
o
=
i



US 9,372,461 B2

Sheet 7 of 14

Jun. 21, 2016

U.S. Patent

(

mzmz@ﬁuwwmm v
HLOVHYHO Y104

B

| £
i) LIg HALOVYEYHO ¥Y10d NI b, 138 8015~ L8 MILOVEYHO ¥YI0d NI L0, 138
\\\ F-N wm> & /Aa y:
Lbs 60bSy AL
S AA
— a ONINIL 1Y
80LS ZAHOYLION 3DV soLS S
AT MO LV SNILEVIS e T AU
048~ TynNois 3AIMA LNAIN0 ON e

POLS~ (0 ONIALL 1V LA 3OV.LI0A BHINDOY
2

c0LS~ TEASTHEIH [V SNILS IS

. TYNDIS BARIC LNdLNO

t

201G~ LIV SWIL NOILYOYdOud

JAYM ONNOS FLYIND VO

2

LOLE GRERRIVEERLET]

W INZINOHIANS TUNSYIN
i
m IESCIREIEY v
S3LOVHYHD NV I0d




U.S. Patent Jun. 21,2016 Sheet 8 of 14 US 9,372,461 B2
(TYPE DETECTION START)
. § - S121
~ 10
< POLAR CHARACTERBIT >
~— =07 -
$122 %123
Z Z
OUTPUT DRIVE SIGNAL OUTPUT DRIVE SIGNAL
STARTING AT HIGH LEVEL STARTING AT LOW LEVEL
ACQUIRE VOLTAGE V1 -
AT TIMING D 5124
CALCULATE TRANSMISSION | _c4qe
COEFFICIENT
DETERMINE TYPE ~ 5126

Y

Q TYPE DETECTION END )




U.S. Patent Jun. 21,2016 Sheet 9 of 14 US 9,372,461 B2
80
f/
CPU 805 206 807
-~ Jad o
MALFUNCTION 1y COMPUTING
DETECTION PART MEMORY PART
804 tclown ii__ﬁihz 803 8508
-z i 7
TYPE CHANGE DETERMINATION SETTING
DETECTION END PART PART PART
. goz
tdown t_th1
40
e
GRAMMAGE SENSOR
TRANSMISSION
PART TRANSMISSION CONTROL PART 33 30
) /332 /331 /341 3
: DRIVE SIGNAL | | DRIVE SIGNAL SENSOR
31 }< AMPLIFIER i+ GENERATION &< CONTROL &4 CONTROL
PART PART PART
HE)
g /34
RECEPTION CONTROL PART
32 DETECTION CIRCUIT
342
, /351 352 /362
. HALF-WAVE {1 PEAK HOLD
AMPLIFIER n--al RECTIFER >{ SART
Ll TIMER
RECEPTION ZEROCROSS  je———i PART
PART DETECTEC}N PART AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA




U.S. Patent Jun. 21,2016 Sheet 10 of 14 US 9,372,461 B2

+  TRANSMISSION
E _ CONTROL
¥ PART

AN
340~
N
N

320~ T

:::::::::

gl = REGEPTION
E CONTROL
+ PART

34

3

T THIRD
Sofrememeemeenia
é WAVE
A
Sh~_
St
A : GND
i T V
Si\\ g -
) tdown ’
S\ Y 1INEEE
84 o
A el GND
. =

Gy
=
=
M



U.S. Patent Jun. 21, 2016 Sheet 11 of 14 US 9,372,461 B2

FIG. 7C
+  TRANSMISSION
CONTROL
v ¥ PART
S -
313“\.,\\“'"”/

320~

T ¥
|
bipd . RECEFTION
I CONTROL
+ PART

&




US 9,372,461 B2

Sheet 12 of 14

Jun. 21,2016

U.S. Patent

/8] IOVNINY D

002 05 67} 001

YL

501

FAVM HLENO0S ONY SAYA QHliHL
NAMLEE INIOd HJINTD =mmmme-

FAYAM JuiHL

VOO

ALRE

£00

y00

G0

ANZIOIA4300
NOISSINSNYHL



US 9,372,461 B2

Sheet 13 of 14

Jun. 21, 2016

U.S. Patent

)

m AEROIREIER
Y31 SPIVED B0
TS - -
ru i Rt = st = HM \ m
NOLLANOA VI 118 ¥31DYEVHD ¥Y10d 80zs -0, = HE I3 1OVevHO dv 10d
i k i BEEN
LLZS 0128l 534

UAODT NP UNOD JHOLS

i S3A

8028

~ T WNOIS SS0NT

_O¥aZ 40 ONITYA_.
¥ \gozs
POZS~  HOIH 0L WNOIS TOHINGD 138
FSIA
ON

B Aw%oﬁ -
) ‘£0Z8

TYNDIS ARG A0 INd N0

COCS~1  onNiuvIS O W00 [WYIS
+
bOZS Q=NGo ]
¥
m IR IR ETE v
HILAVHYHD HY 10




U.S. Patent Jun. 21, 2016

(TYPE DETECTION START)

L ~_

:HGH?

5222
e

Sheet 14 of 14

NO

< POLAR CHARACTER BIT >

5223
>

SELECT TABLE A

US 9,372,461 B2

SELECT TABLEB

ACQUIRE VOLTAGE V1

5224

v

CALCULATE
TRANSMISSION COEFFICIENT

8225

v

DETERMINE TYPE
USING SELECTED TABLE

5226

Y

Q TYPE DETECTION END )




US 9,372,461 B2

1
DETERMINATION APPARATUS FOR
DETERMINING TYPE OF RECORDING
MEDIUM

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a determination apparatus
for determining the type of a recording medium and to an
image forming apparatus.

2. Description of the Related Art

Image forming apparatuses determine the types of record-
ing media, and set image forming conditions (transfer condi-
tion, fixing condition, etc.) in accordance with the type of the
recording medium. Japanese Patent Laid-Open No. 2010-
18433 proposes to irradiate a recording medium with an
ultrasonic wave and detect the transmission coefficient of the
ultrasonic wave that is transmitted by the recording medium
s0 as to determine the grammage (weight per unit area) of the
recording medium.

Incidentally, ultrasonic wave sensors are provided with a
transmission part and a reception part, and the transmission
part and the reception part are each constituted by a piezo-
electric element. The terminals of the piezoelectric element
have positive and negative polar characters. Whether or not
the polar characters of the piezoelectric element of the trans-
mission part and the polar characters of the piezoelectric
element of the reception part match influences the determi-
nation result of a recording medium.

However, managing polar characters increases component
costs and assembly costs. Moreover, managing polar charac-
ters is not required due to the use of ultrasonic waves. There-
fore, many ultrasonic wave sensors serving as general pur-
pose components whose polar characters are not managed
exist in the market. Accordingly, if the type of the recording
medium can be determined using the general purpose com-
ponents in which the polar characters of the transmission part
and the reception part are not managed, it will be possible to
reduce the cost of a determination apparatus.

SUMMARY OF THE INVENTION

In view of this, the present invention reduces the cost of a
determination apparatus for determining the type of a record-
ing medium.

The present invention provides a determination apparatus
comprising the following elements. A transmission unit has
two terminals having a polar character and is configured to
transmit an ultrasonic wave by a drive signal being supplied to
the two terminals. A reception unit has two terminals having
a polar character and is configured to receive the ultrasonic
wave transmitted from the transmission unit and to output a
reception signal from the two terminals in accordance with
the received ultrasonic wave. A change unit is configured to
change a determination scheme for determining a type of a
recording medium, based on information indicating a relation
between a polar character of the transmission unit and a polar
character of the reception unit, the information having been
acquired from the reception signal.

Further features of the present invention will become
apparent from the following description of exemplary
embodiments (with reference to the attached drawings).

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a schematic cross-sectional diagram of an image
forming apparatus.
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2

FIG. 2 is a block diagram of a grammage sensor.

FIG. 3 is adiagram for describing a drive signal, a reception
signal, and a detection signal.

FIGS. 4A to 4F are diagrams for describing the difference
of'signal waveforms due to the difference of polar characters.

FIGS. 5A and 5B are respectively a flowchart showing
processing for detecting the polar character of an ultrasonic
wave sensor and a flowchart showing processing for detecting
the type of a recording medium.

FIG. 6 is a block diagram of a grammage sensor.

FIGS. 7A to 7D are diagrams for describing the difference
of'signal waveforms due to the difference of polar characters.

FIG. 8 is a diagram for describing the relation between a
grammage and a transmission coefficient.

FIG. 9 is a flowchart showing processing for detecting the
polar character of an ultrasonic wave sensor.

FIG. 10 is a flowchart showing processing for detecting the
type of a recording medium.

DESCRIPTION OF THE EMBODIMENTS
First Embodiment

A grammage sensor according to the present embodiment
can be used with an image forming apparatus such as a copier
or a printer, for example. An image forming apparatus 1
equipped with the grammage sensor will be described with
reference to FIG. 1. The image forming apparatus 1 is an
image forming apparatus of a tandem type (four-drum sys-
tem) in which an intermediate transfer belt 17 is adopted.

A feeding cassette 2 is a housing case for housing a record-
ing medium P. An image forming control part 3 is a control
part for controlling the image forming operations of the
image forming apparatus 1. The image forming control part 3
is provided with a CPU 80, and sets image forming conditions
based on a grammage acquired by a grammage sensor 40 and
an environmental temperature acquired by an environment
sensor 35. An operation part 50 has an input apparatus used by
an operator for inputting information to the CPU 80 and a
display apparatus used by the CPU 80 for displaying the
information. A feeding roller 4 is a roller for feeding the
recording medium P from the feeding cassette 2 to a convey-
ance path. A pair of conveying rollers 5 is for conveying the
fed recording medium P.

The image forming apparatus 1 uses toner of four colors,
which are yellow (Y), magenta (M), cyan (C), and black (K).
Therefore, there are four image forming stations correspond-
ing to the respective colors. Because the configuration is
common among the respective stations, reference signs are
only given to components that constitute the station for yel-
low.

A photoreceptor drum 11 is an image carrier that carries
electrostatic latent images and toner images developed by a
developing agent. A charging roller 12 is a primary charging
device for uniformly charging the photoreceptor drum 11 to a
predetermined potential. An optical unit 13 is an optical scan-
ning apparatus (exposure apparatus) for irradiating the
charged photoreceptor drum 11 with a laser beam corre-
sponding to image data and forming an electrostatic latent
image. A developing device 14 visualizes the electrostatic
latent image formed on the photoreceptor drum 11 using the
developing agent and forms the toner image. A developing
roller 15 sends out the developing agent in the developing
device 14 to a portion facing the photoreceptor drum 11. A
primary transfer roller 16 is a roller for performing primary
transfer of the toner image formed on the photoreceptor drum
11 to the intermediate transfer belt 17. The intermediate trans-
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fer belt 17 is an intermediate transfer body or an image carrier
on which toner images of the four colors are superimposed
and transferred. A secondary transfer roller 19 performs sec-
ondary transfer of the toner images formed on the intermedi-
ate transfer belt 17 to the recording medium P. A fixing unit 21
fuses and fixes the toner images transferred to the recording
medium P while conveying the recording medium P. A paper
discharge roller 22 discharges the recording medium P that
underwent fixing by the fixing unit 21.

The grammage sensor 40 is one example of a recording
medium determination apparatus for detecting the grammage
information of the recording medium P. The grammage sen-
sor 40 is arranged upstream of the secondary transfer roller 19
in a conveying direction. The grammage sensor 40 has a
transmission part 31 for transmitting an ultrasonic wave, a
reception part 32 for receiving the ultrasonic wave, and a
sensor control part 30 for controlling these parts. The trans-
mission part 31 and the reception part 32 are arranged to face
each other with the conveyance path therebetween. The trans-
mission part 31 is held, together with the secondary transfer
roller 19, by a secondary transfer unit 23. The secondary
transfer unit 23 opens and closes using a rotation shaft 24 as
afulcrum. In the case where the recording medium P which is
being conveyed is jammed near the secondary transfer unit
23, a user can open the secondary transfer unit 23 and easily
remove the jammed recording medium P. The CPU 80 deter-
mines the type (grammage) of the recording medium P based
on a detection result of the grammage sensor 40. The gram-
mage is the mass of the recording medium P per unit area. The
grammage is expressed in units of g/m?. Note that the CPU 80
may determine a thickness as the type of a recording medium
based on the detection result. Moreover, the CPU 80 may
determine multi-feeding of recording medium (a state where
two or more stacked sheets of the recording medium P are
simultaneously conveyed together) based on the detection
result.

The CPU 80 performs control of image forming conditions
during image forming in accordance with an output result
obtained by the grammage sensor 40 and a detection result of
the environment sensor 35 for detecting the environmental
temperature. The image forming conditions include a convey-
ing speed of the recording medium P, a transfer voltage
applied to the secondary transfer roller 19, a fixing tempera-
ture of the fixing unit 21 and the like, for example.

The transmission part 31 and the reception part 32 may be
constituted by identical components. The transmission part
31 and the reception part 32 have a piezoelectric element (also
referred to as a piezo element) as a mutual transformation
member for mutually transforming between a mechanical
displacement (ultrasonic wave) and an electrical signal and
two electrode terminals. In the transmission part 31, the
piezoelectric element oscillates and an ultrasonic wave is
generated when a pulse voltage of a predetermined frequency
is applied as a drive signal to the two electrode terminals. The
two terminals of the transmission part 31 are connected to two
terminals of the piezoelectric element which also have a polar
character. The two terminals of the reception part 32 are
connected to two terminals of the piezoelectric element
which also have a polar character. The ultrasonic wave is
transmitted by the recording medium P and reaches the piezo-
electric element of the reception part 32. However, the ultra-
sonic wave is attenuated by the recording medium P. The
piezoelectric element of the reception part 32 generates an
output voltage in accordance with the amplitude of the
received ultrasonic wave, and outputs the output voltage from
the two electrode terminals. The peak value of the amplitude
of the output voltage (reception signal) varies in accordance
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4

with the type of the recording medium. This is because a
transmission coefficient varies in accordance with the type of
the recording medium. Note that sound waves other than
ultrasonic waves may be used.

A control method for detecting the grammage of the
recording medium P using the grammage sensor 40 will be
described with reference to FIG. 2. In the present embodi-
ment, it is assumed that the transmission part 31 and the
reception part 32 respectively transmits and receives an ultra-
sonic wave having a frequency response of 32 kHz. Although
the frequency of the ultrasonic wave is set in advance, it is
sufficient to appropriately select an appropriate frequency in
accordance with the configurations of the transmission part
31 and the reception part 32, detection accuracy, and the like.
The grammage sensor 40 is provided with a transmission
control part 33 and a reception control part 34 in addition to
the transmission part 31, the reception part 32, and the sensor
control part 30. The transmission control part 33 has a func-
tion of generating a drive signal for transmitting the ultrasonic
wave and amplifying the drive signal. The reception control
part 34 has a function of amplifying the generated reception
signal in accordance with the ultrasonic wave received by the
reception part 32 and performing signal processing.

The sensor control part 30 inputs a start signal indicating
measurement start to a drive signal control part 341. The drive
signal control part 341 instructs the generation of the drive
signal to a drive signal generation part 331 in order to transmit
the ultrasonic wave of the predetermined frequency, when the
start signal is input. The drive signal generation part 331
generates the drive signal in accordance with the instruction.
In some cases, a reflection wave or the like is generated by the
recording medium P or members around the conveyance path.
Therefore, a pulse wave having a constant cycle shown in
FIG. 3 is output as the drive signal in order to reduce the
influence of such an external disturbance so that the reception
part 32 can receive only direct waves irradiated by the trans-
mission part 31. This is also called a burst wave in some cases.
The transmission part 31 according to the present embodi-
ment transmits 16 burst waves per measurement. The interval
between two adjacent burst waves is 10 ms. Moreover, one
burst is formed by consecutively outputting five pulse waves
having a frequency of 32 kHz. The drive signal generation
part 331 generates the drive signal having a preset frequency
and outputs the drive signal. An amplifier 351 amplifies the
level (voltage) of the drive signal, and outputs the drive signal
to the transmission part 31.

The reception part 32 receives an ultrasonic wave transmit-
ted from the transmission part 31, or an ultrasonic wave
transmitted by the recording medium P, and outputs the
received ultrasonic wave to a detection circuit 342 of the
reception control part 34. The detection circuit 342 is pro-
vided with the amplifier 351 and a half-wave rectifier 352.
The amplifier 351 amplifies the reception signal output by the
reception part 32. The half-wave rectifier 352 performs half-
wave rectification on the amplified reception signal. Note that
the amplification factor of the amplifier 351 may be changed
between the state where the recording medium P does not
exist between the transmission part 31 and the reception part
32 and the state where the recording medium P does exist.

FIG. 3 shows the waveform of the reception signal output
by the reception part 32. Potentials indicated by broken lines
as shown in FIG. 3 are ground potentials. As shown in FIG. 3,
the reception signal has a waveform with amplitudes of both
positive and negative polar characters. Furthermore, FIG. 3
also illustrates the waveform of the reception signal after the
half-wave rectification. As for this waveform, a potential indi-
cated by a broken line also represents a ground potential. A



US 9,372,461 B2

5

detection signal generated by the detection circuit 342 based
on the reception signal is converted from an analogue signal
into a digital signal by an AD converter 343, and is input to the
sensor control part 30. Note that the detection signal is gen-
erated based on the reception signal and therefore may be
called a reception signal.

The CPU 80 realizes various functions. A comparison part
801 compares a polar character parameter with a threshold.
The polar character parameter is information indicating the
relation between the polar character of the transmission part
31 for transmitting an ultrasonic wave and the polar character
of the reception part 32 for receiving the ultrasonic wave. A
change part 802 changes a determination scheme for deter-
mining the type of the recording medium P based on the
comparison result of the comparison part 801. A determina-
tion part 803 determines the type of the recording medium P
using the determination scheme which has been set or desig-
nated by the change part 802. A setting part 808 sets the image
forming conditions based on the determination result of the
determination part 803. Moreover, the setting part 808 may
set the image forming conditions directly from the value of
the reception signal. A measuring part 804 is a timer or a
counter, and is used for managing various types of timings. A
malfunction detection part 805 detects a malfunction of the
transmission part 31 or the reception part 32. A memory 806
stores thresholds, tables, flags and the like. A computing part
807 executes various types of computing using the environ-
mental temperature acquired by the environment sensor 35,
for example.

The waveform of the reception signal shown in FIG. 3 is a
waveform in the case where the recording medium P does not
exist between the transmission part 31 and the reception part
32. Generally, a speed of sound v propagated through air is
obtained from the following formula.

V=331.5+0.61*t

(t is the temperature in Celsius)

Ifitis assumed that a distance d between the transmission part
31 and the reception part 32 is 10 mm and that the environ-
mental temperature is 20 C, a sound wave propagation time
Atl will be 29.095 ps. As one example of a grammage deter-
mination method, there is a method for determining a gram-
mage based on the amplitude (voltage V1) of a detection
signal detected at a timing D when a certain period of time
(¥4*T+Atl) has elapsed from a timing when the transmission
control part 33 generated a third pulse wave. Note that T is a
cycle of the drive signal (pulse wave).

The CPU 80 or the sensor control part 30 causes the gram-
mage sensor 40 to respectively detect the voltages V1 in a
state where the recording medium P does not exist between
the transmission part 31 and the reception part 32 and in a
state where the recording medium P does exist. The CPU 80
then individually calculates transmission coefficients ¢ from
the voltages V1 obtained in the two states. The transmission
coefficient ¢ is a value corresponding to the grammage cal-
culated from the comparison of the voltages V1 in the state
where the recording medium P does not exist and in the state
where the recording medium P does exist in this manner, and
is used for determining the grammage of the recording
medium P.

The polar characters of the ultrasonic wave sensors
equipped in the transmission part 31 and the reception part 32
will be described with reference to FIG. 4A to FIG. 4F. Polar
characters exist in a piezoelectric element 330 constituting
the ultrasonic wave sensor. FIG. 4A, FIG. 4C and FIG. 4E
show the terminal polar characters of the ultrasonic wave
sensor and a connection state between the polar characters of
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the transmission control part 33 and the reception control part
34. FIG. 4B, FIG. 4D and FIG. 4F indicate waveforms of a
drive signal, a reception signal, and a detection signal.

With reference to FIG. 4A, a positive polar character output
and a negative polar character output of the transmission
control part 33 are respectively connected to a positive polar
character terminal and a negative polar character terminal of
an ultrasonic wave sensor 310 included in the transmission
part 31. A positive polar character input and a negative polar
character input of the reception control part 34 are respec-
tively connected to a positive polar character terminal and a
negative polar character terminal of an ultrasonic wave sensor
320 included in the reception part 32. Such a connection state
is expressed as “polar characters match”. With reference to
FIG. 4B, when a drive signal Sb, which is a burst wave, is
applied to the ultrasonic wave sensor 310, a reception signal
Sr is generated in the ultrasonic wave sensor 320, and a
detection signal Sd is generated by the reception control part
34. Note that the drive signal Sb is started at a high level, and
therefore the amplitude of the reception signal Sr starts with
apositive amplitude. The amplitude (voltage) of the detection
signal Sd is acquired at the timing D.

With reference to FIG. 4C, the positive polar character
output and the negative polar character output of the trans-
mission control part 33 are respectively connected to the
positive polar character terminal and the negative polar char-
acter terminal of the ultrasonic wave sensor 310 on the trans-
mission side. The negative polar character input and the posi-
tive polar character input of the reception control part 34 are
respectively connected to the positive polar character termi-
nal and the negative polar character terminal of the ultrasonic
wave sensor 320 on the reception side. As shown in FI1G. 4D,
when the drive signal Sb that is started at a high level is
applied to the ultrasonic wave sensor 310, the amplitude of
the reception signal Sr starts with a negative amplitude. As a
result, the amplitude of the detection signal Sd at the timing D
substantially becomes a ground potential. Such a connection
state is expressed as “polar characters do not match”.

In this manner, the amplitude of the detection signal Sd at
the timing D when the polar characters of the ultrasonic wave
sensor 310 and the ultrasonic wave sensor 320 match does not
coincide with the amplitude of the detection signal Sd at the
timing D when the polar characters do not match. For
example, if the connection state of FIG. 4A is assumed to be
a basic connection state, the connection state of FIG. 4C and
FIG. 4E can be called a reverse connection state. Moreover,
these connection states can be distinguished using the ampli-
tude of the detection signal Sd at the timing D when a prede-
termined time has elapsed from a timing when transmission
of the drive signal Sb was started. That is, it can be said that
the amplitude of the detection signal Sd at the timing D is a
polar character parameter or a feature parameter indicating
the feature of the connection state (polar character) between
the transmission part 31 and the reception part 32. Accord-
ingly, it is sufficient to select a method for determining the
type of the recording medium P in accordance with the polar
character parameter if it is known. Note that the determina-
tion method here includes control of a starting amplitude of
the drive signal Sb.

The sensor control part 30 or the change part 802 of the
CPU 80 changes the drive signal Sb to the drive signal Sh
shown in FIG. 4F when the reverse connection state is
detected based on the amplitude of the detection signal Sd at
the timing D. The amplitude of the drive signal Sb shown in
FIG. 4F is started at a low level. The amplitude of the detec-
tion signal Sd acquired at the timing D as shown in FIG. 4F
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will match the amplitude of the detection signal Sd in a basic
connection state as shown in FIG. 4B.

Description was given with reference to FIG. 4A to FIG. 4F
in which all of the connection states regarding the transmis-
sion side of the ultrasonic wave sensor 310 are in common.
However, the connection states regarding the reception side
of'the ultrasonic wave sensor 320 may be in common and the
connection states regarding the transmission side of the ultra-
sonic wave sensor 310 may be different. Also in this case, it is
sufficient that the amplitude of the drive signal Sb starts at a
high level if the amplitude of the detection signal Sd at the
timing D is a positive amplitude and that the amplitude of the
drive signal Sb starts at a low level if the amplitude of the
detection signal Sd at the timing D is a ground potential. In
this manner, it is sufficient that the method for determining
the type of a recording medium is selected or changed in
accordance with the amplitude of the detection signal Sd
acquired at the timing D (a starting amplitude of the drive
signal Sb), which is a polar character parameter.

A polar character (connection state) detection method will
be described with reference to a flowchart in FIG. SA. The
CPU 80 controls the sensor control part 30 by executing a
program stored in the CPU 80. Moreover, the sensor control
part 30 controls each part of the grammage sensor 40. Note
that the polar character detection method is executed when
the supply of electrical power from an alternating current
power to the image forming apparatus 1 is started.

In step S101, the computing part 807 of the CPU 80 mea-
sures, using the environment sensor 35, a temperature t of the
surrounding environment in which the image forming appa-
ratus 1 is placed. In step S102, the computing part 807 of the
CPU 80 calculates a sound wave propagation time Atl [sec-
onds]| based on the measured temperature t.

Atl=dn

d is a distance [m] between the vibration surface of the piezo-
electric element of the transmission part 31 and the vibration
surface of the piezoelectric element of the reception part 32.
For example, d is 0.01 m. v is a propagation speed of an
ultrasonic wave [m/s] at the temperature t (v=331.5+0.61t).

In step S103, the change part 802 of the CPU 80 instructs
the sensor control part 30 to output a drive signal Sb that starts
at a high level. The sensor control part 30 instructs the drive
signal control part 341 of the transmission control part 33 to
output the drive signal Sb that starts at a high level in accor-
dance with this instruction. The drive signal control part 341
instructs the drive signal generation part 331 to output the
drive signal Sb that starts at a high level. The drive signal
generation part 331 starts output of the drive signal Sb that
starts at a high level.

Instep S104, the CPU 80 controls the sensor control part 30
and obtains the amplitude of a detection signal Sd (a voltage
V1) from the reception control part 34 after a predetermined
time from a timing when transmission of an ultrasonic wave
based on the drive signal Sb was started. The timing when the
predetermined time has elapsed is the above-described timing
D, and is a timing when %4*T+At1 has elapsed from a timing
when a third pulse wave was output. That is, the timing D
using the timing when transmission of an ultrasonic wave was
started as a starting point is a timing when a time of 2T+%4%T+
Atl has elapsed from a timing when a first pulse wave was
output. In this case, the predetermined time is 2T+4*T+Atl.
The sensor control part 30 transmits the voltage V1 to the
CPU 80. Note that the CPU 80 uses the measuring part 804 to
measure and monitor each timing.

In step S105, the comparison part 801 of the CPU 80
determines whether or not the voltage V1 exceeds a predeter-
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mined threshold Vth. The threshold Vth is a voltage that
serves as a criterion for determining whether or not polar
characters match, is set in advance at the time of shipping, and
is stored in the memory 806 inside the CPU 80 or the like. As
described with reference to FIG. 4B, if the voltage V1 exceeds
the predetermined threshold Vith, the polar characters of the
transmission part 31 and the reception part 32 match. Accord-
ingly, in this case, the process proceeds to step S106, and the
CPU 80 sets “0” in a polar character bit. The polar character
bit is a flag or data for managing whether or not the polar
characters match. Moreover, the polar character bit is also
data designating a method for determining the type of the
recording medium P. “0” indicates that the polar characters
match and “1” indicates that the polar characters do not
match. The polar character bit is stored in a rewritable ROM
included in the memory 806, for example. On the other hand,
if the voltage V1 does not exceed the predetermined value
Vth, the polar characters do not match, and therefore the
process proceeds to step S107.

In step S107, the change part 802 of the CPU 80 instructs to
start output of the drive signal Sb that starts at a low level. This
instruction is communicated via the sensor control part 30
and the drive signal control part 341 to the drive signal gen-
eration part 331. The drive signal generation part 331 starts
generation of the drive signal Sb that starts at a low level in
accordance with the instruction. The drive signal Sb that starts
at a low level is shown in FIG. 4F.

In step S108, the CPU 80 acquires a voltage V2 at the
timing D. In step S109, the comparison part 801 of the CPU
80 determines whether or not the voltage V2 exceeds the
threshold Vith. Ifthe voltage V2 exceeds the threshold Vth, the
polar characters match, and therefore the process proceeds to
step S110. In step S110, the change part 802 of the CPU 80
writes “1” in the polar character bit. Note that in the case
where the malfunction detection part 805 detects that the
voltage V2 does not exceed the threshold Vth, it is possible
that a malfunction has occurred somewhere in the grammage
sensor 40 such as the transmission part 31 or the reception
part32. Inthis case, the process proceeds to step S111, and the
malfunction detection part 805 of the CPU 80 executes mal-
function processing. The malfunction processing involves the
CPU 80 displaying, on a display unit, a message informing
the malfunction of the grammage sensor 40, or transmitting
an e-mail informing this malfunction to the address of an
administrator.

FIG. 5B shows type determination processing. The type
determination processing is executed when the recording
medium P is fed from the feeding cassette 2. In step S121, the
change part 802 ofthe CPU 80 refers to the polar character bit,
and determines whether or not “0” is set in the polar character
bit. If“0” is set in the polar character bit, the process proceeds
to step S122. In step S122, the change part 802 instructs the
sensor control part 30 to output a drive signal that starts at a
high level. On the other hand, if “0” is not set in the polar
character bit, the process proceeds to step S123. In step S123,
the change part 802 instructs the sensor control part 30 to
output a drive signal that starts at a low level. Subsequently,
the process proceeds to step S124. Note that an output start
timing of the drive signal Sb is a timing when the recording
medium P passes between the transmission part 31 and the
reception part 32.

In step S124, the determination part 803 of the CPU 80
acquires a voltage V1 at the timing D. In step S125, the
determination part 803 calculates the transmission coefficient
¢ based on the voltage V1. Note that a voltage V0 acquired in
advance at a timing when the recording medium P was not
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passing between the transmission part 31 and the reception
part 32 is also used (e.g., c=V1/V0) when calculating the
transmission coefficient c.

In step S126, the determination part 803 determines the
type (grammage) of the recording medium P based on the
transmission coefficient c. Note that the relation between the
transmission coefficient ¢ and the type (grammage) of the
recording medium P is held in advance in the memory 806 or
the like as a function or a table. The determination part 803
calculates the grammage by substituting the transmission
coefficient ¢ into the function, or determines the grammage
by referring to the table based on the transmission coefficient
c. The setting part 808 sets an image forming condition in
accordance with the type of the recording medium P. The
relation between the type of the recording medium P and the
image forming condition may be stored in the memory 806 as
a table or a function.

Note that the present embodiment described polar charac-
ter detection being executed when starting the image forming
apparatus 1, but the execution timing of the polar character
detection may be another timing. This is because it is suffi-
cient that the polar character detection is executed at least
before executing the type determination processing. For
example, the CPU 80 may execute the polar character detec-
tion at the time of shipping the image forming apparatus 1 and
the store polar character bits in a nonvolatile memory in the
memory 806. However, in the market, when a component that
constitutes the grammage sensor 40 is replaced, a user or a
serviceman will cause the CPU 80 to execute polar character
detection through the operation part 50 provided on the image
forming apparatus 1.

According to the present embodiment, the polar character
parameter is acquired from the reception signal of the ultra-
sonic wave, and the determination scheme for the recording
medium is changed in accordance with the polar character
parameter. In particular, in the present embodiment, the volt-
age of the detection signal Sd at the timing D was illustrated
as the polar character parameter. Accordingly, because the
necessity of managing each polar character of the transmis-
sion part 31 and the reception part 32 of the ultrasonic wave
while assembling the components during manufacture is
eliminated, the cost of the recording medium determination
apparatus can be reduced.

Second Embodiment

In the first embodiment, the voltage of the detection signal
Sd at the timing D was illustrated as the polar character
parameter. In the second embodiment, a fall time tdown of a
zero cross signal Se obtained from the reception signal Sr will
be illustrated as a polar character parameter.

FIG. 6 is a circuit block diagram of the present embodi-
ment. In FIG. 6, a difference from FIG. 2 is the reception
control part 34, in particular. Specifically, a peak hold part
362, a zero cross detection part 361, and a timer part 363 are
added. Note that, in FIG. 6, same reference signs are given to
the functions that are the same as those in FIG. 2 and descrip-
tion thereof is omitted. A reception signal generated by
receiving an ultrasonic wave in the reception part 32 is sub-
jected to amplification and half-wave rectification in the
detection circuit 342 and becomes a detection signal. The
peak hold part 362 connected to the detection circuit 342
holds the peak voltage of the detection signal, and outputs the
peak voltage to the sensor control part 30.

The reception signal amplified by the amplifier 351 is also
input to the zero cross detection part 361. The zero cross
detection part 361 compares the input reception signal to a
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threshold (e.g., a ground potential). The zero cross detection
part 361 outputs a high level signal if the reception signal is
greater than or equal to a ground potential, and outputs a low
level signal if the reception signal is smaller than the ground
potential. In this manner, the signal output from the zero cross
detection part 361 becomes a pulse signal whose level
changes at the zero cross point of the reception signal. A gate
mask is applied to the output of the zero cross detection part
361 by a control signal Si output from the timer part 363. The
timer part 363 starts measuring based on an instruction from
the sensor control part 30. For example, the sensor control
part 30 instructs the measuring in synchronization with a
transmission start timing of the ultrasonic wave. The zero
cross detection part 361 is provided with a switch element
(e.g., a transistor or the like), and controls whether or not to
output the signal to the sensor control part 30 using this switch
element. The control signal Si from the timer part 363 is
applied to a control terminal of the switch element. The timer
part 363 masks (blocks outputting of) the output signal from
the zero cross detection part 361 until a predetermined time
Tg elapses from a measuring start timing. When the prede-
termined time Tg elapses, the level of the control signal Si
from the timer part 363 changes, and the switch element
outputs the output signal from the zero cross detection part
361 to the sensor control part 30. Such a function of the switch
element may be called gate mask.

The CPU 80 realizes various functions. The comparison
part 801 compares a polar character parameter (e.g., the fall
time tdown) and a threshold (e.g., t_th1). The change part 802
changes the determination scheme for determining the type of
the recording medium P based on the comparison result of the
comparison part 801. The determination part 803 determines
the type of the recording medium P using the determination
scheme set or designated by the change part 802. The setting
part 808 sets image forming conditions in accordance with
the determination result of the determination part 803. The
malfunction detection part 805 detects a malfunction of the
transmission part 31 or the reception part 32. The memory
806 stores thresholds, tables, flags and the like. The comput-
ing part 807 executes various types of computing using an
environmental temperature obtained by the environment sen-
sor 35, for example.

FIG. 7A shows a connection state where the polar charac-
ters of the ultrasonic wave sensor 310 on the transmission side
and the ultrasonic wave sensor 320 on the reception side
match (basic connection state). FIG. 7B shows waveforms of
the respective signals in the basic connection state. Note that
the same reference signs are given to the portions that have
already been described and description thereof is omitted.
The drive signal Sb and the reception signal Sr are as
described above. Si is a control signal output by the timer part
363. Se is a zero cross signal output from the zero cross
detection part 361 to the sensor control part 30. A gate mask
has been applied to the zero cross signal Se by the control
signal Si as described above. Therefore, during the period in
which the signal Siis ata low level, the zero cross signal Se is
also at a low level. On the other hand, during the period in
which the control signal Si is at a high level, the zero cross
signal Se is a pulse wave in accordance with the zero cross of
the reception signal Sr.

A timing for changing the control signal Si from the low
level to the high level is atiming when the predetermined time
Tg has elapsed from an output start timing of the drive signal
Sb. The predetermined time Tg is calculated by the comput-
ing part 807 based on a sound wave propagation time calcu-
lated from a distance between the transmission part 31 and the
reception part 32 and an environmental temperature. Here,
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the predetermined time Tg is set to a time from a transmission
start timing of the drive signal Sbuntil a timing when the peak
voltage of the third wave of the reception signal Sr is obtained
(Tg=2T+/4T+At).

The detection signal Sd is a signal obtained by the peak
hold part 362 holding the peak of the reception signal Sr. The
sensor control part 30 reads a voltage Va of the detection
signal Sd at a timing G when a first falling edge of the zero
cross signal Se serves as a trigger. In grammage detection, the
voltage Va when the recording medium P does not exist
between the transmission part 31 and the reception part 32
and the voltage Va when the recording medium P does exist
are individually detected, and the difference or the ratio
thereofis calculated as a transmission coefficient. Moreover,
a grammage is determined from the transmission coefficient
by referring to a table indicating the relation between the
transmission coefficient, which is obtained in advance, and
the grammage.

FIG. 7C shows a connection state where the polar charac-
ters of the ultrasonic wave sensor 310 on the transmission side
and the ultrasonic wave sensor 320 on the reception side do
not match (reverse connection state). FIG. 7D shows wave-
forms of the respective signals in the reverse connection state.
Comparing FIG. 7D with FIG. 7B, the amplitude of the recep-
tion signal Sr in the reverse connection state is the inverse of
the amplitude of the reception signal Sr in the basic connec-
tion state. A voltage Vb read by the sensor control part 30 at
a timing H when the zero cross signal Se serves as a trigger
becomes a voltage corresponding to a center point between a
third wave and a fourth wave (Vb>Va). Note that the prede-
termined time Tg is set to a time from a transmission start
timing of the drive signal Sb until a timing when the peak
voltage of the center point between the third wave and the
fourth wave of the reception signal Sr is obtained (Tg=2.5T+
VAT+AL).

FIG. 8 shows respective transmission coefficients for the
voltage Va acquired at the timing G corresponding to the third
wave of the drive signal Sb and for the voltage Vb acquired at
the timing H corresponding to the center point between the
third wave and the fourth wave. As shown in FIG. 8, the
transmission coefficient varies in accordance with the con-
nection state even for the recording medium P of the same
grammage (e.g., 105 g/m?). Therefore, grammage determi-
nation tables need to be switched in accordance with the
connection state. The memory 806 of the CPU 80 stores a
table A for the basic connection state and a table B for the
reverse connection state in advance.

In order to determine which table is to be used by the CPU
80 for grammage determination, a connection state (polar
character) between the ultrasonic wave sensor 310 of the
transmission part 31 and the ultrasonic wave sensor 320 of the
reception part 32 needs to be detected. For example, the CPU
80 detects the time tdown from the transmission start timing
of the drive signal Sb until a first falling timing of the zero
cross signal Se. In the case where the time tdown is smaller
than the predetermined time t_th1, the CPU 80 determines
that the connection state is the basic connection state and uses
the table A for the basic connection state. On the other hand,
in the case where the time tdown is greater than or equal to
t_thl, the CPU 80 determines that the connection state is the
reverse connection state, and uses the table B for the reverse
connection state.

FIG. 9 is a flowchart showing each step of a polar character
detection method executed by the CPU 80. This polar char-
acter detection method is executed when starting the image
forming apparatus 1, for example. In step S201, the CPU 80
initializes the timer part 363 for measuring time through the
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sensor control part 30 (tcount=0). In step S202, the CPU 80
starts outputting of the drive signal through the sensor control
part 30, and causes the timer part 363 to start counting. In step
S203, the CPU 80 determines whether or not the count value
tcount of the timer part 363 has exceeded the predetermined
time Tg. When the count value tcount exceeds the predeter-
mined time Tg, the process proceeds to step S204. Note that
the predetermined time Tg may be calculated by the comput-
ing part 807, or may be a fixed value stored in the memory
806. In step S204, the CPU 80 changes a gate mask signal (the
control signal Si) output by the timer part 363 from a low level
to a high level. In step S205, the CPU 80 monitors the zero
cross signal Se, and determines whether or not the falling
edge of the zero cross signal Se has been detected. When the
falling edge of the zero cross signal Se is detected, the process
proceeds to step S206. In step S206, the CPU 80 acquires,
from the timer part 363, the count value tcount when the
falling edge was detected, and substitutes the obtained the
count value tcount for the fall time tdown. Note that the fall
time tdown is a variable stored in the memory 806 such as a
RAM inside the CPU 80.

In step S207, the CPU 80 determines based on the fall time
tdown whether or not the polar characters match (whether or
not the connection state is the basic connection state). For
example, the comparison part 801 of the CPU 80 determines
whether or not the fall time tdown is smaller than the thresh-
old t_thl. As shown in FIG. 7B and FIG. 7D, the fall time
tdown of the basic connection state is shorter than the fall time
tdown in the reverse connection state. Accordingly, when it is
assumed that a mean value of the both values is the threshold
t_th1, the CPU 80 can distinguish between the basic connec-
tion state and the reverse connection state from the fall times
tdown. If the polar characters match (if the connection state is
the basic connection state), the process proceeds to step S208.
In step S208, the change part 802 of the CPU 80 writes “0” in
the polar character bit. On the other hand, if'it is determined
in step S207 that the polar characters do not match, the pro-
cess proceeds to step S209.

In step S209, the CPU 80 executes malfunction determi-
nation. For example, the malfunction detection part 805 of the
CPU 80 determines whether or not the fall time tdown is
greater than or equal to the threshold t_th1 and is smaller than
athreshold t_th2. The threshold t_th2 is a threshold defined in
advance as a determination criterion for a malfunction. When
it is determined based on the fall time tdown that a malfunc-
tion has not occurred, the process proceeds to step S210. In
step S210, the change part 802 of the CPU 80 writes “1” in the
polar character bit. On the other hand, when it is determined
based on the fall time tdown that a malfunction has occurred,
the process proceeds to step S211. In step S211, the CPU 80
executes the above-described malfunction processing.

FIG. 10 is a flowchart showing each step of a type detection
method. The CPU 80 starts this processing when the record-
ing medium P is fed to a conveyance path. In step S221, the
change part 802 of the CPU 80 determines based on the polar
character bit whether the connection state is the basic con-
nection state or the reverse connection state. For example, the
CPU 80 determines whether or not the polar character bit is
“0”. Ifthe polar character bit is “0”, the connection state is the
basic connection state, and therefore the CPU 80 proceeds the
process to step S222. In step S222, the change part 802 of the
CPU 80 selects the table A for the basic connection state. On
the other hand, if the polar character bit is ““1”, the connection
state is the reverse connection state, and therefore the CPU 80
proceeds the process to step S223. In step S223, the change
part 802 of the CPU 80 selects the table B for the reverse
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connection state. It is assumed that the tables A and B are
stored in the memory 806 in advance.

In step S224, the determination part 803 of the CPU 80
acquires the voltage V1. For example, the determination part
803 uses the timer part 363 to measure the fall time tdown,
and acquires, through the sensor control part 30, the voltage
V1 when the count value matches the fall time tdown. As
shown in FIG. 7B, the voltage V1 in the basic connection state
is the voltage Va acquired at the timing G. As shown in FIG.
7D, the voltage V1 in the reverse connection state is the
voltage Vb acquired at the timing H.

In step S225, the determination part 803 of the CPU 80
calculates the transmission coefficient ¢ from the voltage V1.
The calculating method of the transmission coefficient ¢ is as
described above. In step S226, the determination part 803 of
the CPU 80 determines the type of the recording medium P
(grammage) using the selected table and the transmission
coefficient c. The setting part 808 of the CPU 80 adjusts
image forming conditions and the like in accordance with the
determined type.

According to the present embodiment, the polar character
parameter is acquired from the reception signal of an ultra-
sonic wave, and the determination scheme for a recording
medium is changed (table is switched) in accordance with the
polar character parameter. In particular, the fall time Tg of the
zero cross signal was illustrated as the polar character param-
eter. Accordingly, because the necessity of managing each
polar character of the transmission part 31 and the reception
part 32 of the ultrasonic wave while assembling the compo-
nents during manufacture is eliminated, the cost of the deter-
mination apparatus can be reduced.

SUMMARY

As described above, the transmission part 31 is one
example of a transmission unit which has two terminals hav-
ing a polar character, and transmits an ultrasonic wave due to
a drive signal being supplied to the two terminals. The recep-
tion part 32 is one example of a reception unit which has two
terminals having a polar character, receives the ultrasonic
wave transmitted from the transmission part 31, and outputs a
reception signal from the two terminals in accordance with
the received ultrasonic wave. The change part 802 of the CPU
80 changes the determination scheme for determining the
type (e.g., a grammage, a thickness and the like) of the record-
ing medium P based on the polar character parameter
acquired from the reception signal Sr output by the reception
part 32 receiving the ultrasonic wave. The polar character
parameter is information indicating the relation between the
polar character of the transmission part 31 that transmits the
ultrasonic wave and the polar character of the reception part
32 that receives the ultrasonic wave. In this manner, according
to the present invention, the polar character parameter is
acquired from the reception signal Sr of the ultrasonic wave,
and the determination scheme for the recording medium P is
changed in accordance with the polar character parameter.
Accordingly, because the necessity of managing each polar
character of the transmission part 31 and the reception part 32
of'the ultrasonic wave while assembling the components dur-
ing manufacture is eliminated, the cost of the determination
apparatus can be reduced. Note that although description was
given in which the determination apparatus in the present
embodiment is constituted by the grammage sensor 40, the
CPU 80, and the like, the sensor control part 30 may have the
functions ofthe CPU 80. Moreover, the change part 802 of the
CPU 80 functions as an acquiring unit that acquires the polar
character parameter from the reception signal Sr.
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As described with reference to FIG. 4A and the like, the
transmission part 31 and the reception part 32 may individu-
ally have a mutual transformation member (e.g., the piezo-
electric element 330 or the like) that mutually transforms
between an electrical signal and an ultrasonic wave and has a
polar character. Because the output terminal of the piezoelec-
tric element 330 has a polar character, the above-described
problem occurs when the ultrasonic wave sensor or the gram-
mage sensor 40 is assembled without managing polar char-
acters.

There are various methods for determining the type of the
recording medium P. For example, the determination part 803
obtains the transmission coefficient ¢ of the ultrasonic wave
from the amplitude of the reception signal acquired when the
recording medium P is not being conveyed between the trans-
mission part 31 and the reception part 32 (the voltage V0) and
the amplitude of the reception signal acquired when the
recording medium P is being conveyed between the transmis-
sion part 31 and the reception part 32 (the voltage V1). As
described with reference to FIG. 8 and the like, the determi-
nation part 803 determines the type of the recording medium
P based on the transmission coefficient c.

As described with reference to FIG. 2 and FIG. 6, the drive
signal generation part 331 functions as a generation unit that
generates the drive signal Sb for driving the transmission part
31. As described with reference to FIG. 4B, FIG. 4D, and the
like, the polar character parameters include the amplitude of
the reception signal Sr output from the reception part 32 at the
timing D when the predetermined time has elapsed from the
timing when the transmission of the ultrasonic wave from the
transmission part 31 was started, and the like. The compari-
son part 801 of the CPU 80 compares the voltage V1, which
is the amplitude at the timing D, with the threshold Vth.
Furthermore, the change part 802 may change the drive signal
Sb in accordance with the comparison result of the compari-
son part 801. As described with reference to FIG. 4F, the drive
signal Sb is a pulse signal that repeatedly changes between a
high level and a low level. The change part 802 reverses the
high level and the low level of the pulse signal if the amplitude
of the reception signal Sr acquired at the timing D does not
exceed the threshold Vth. This is because the polar characters
of the transmission part 31 and the reception part 32 do not
match. Moreover, the change part 802 does not change the
pulse signal if the amplitude of the reception signal Sr
exceeds the threshold Vth. This is because the polar charac-
ters of the transmission part 31 and the reception part 32
match. In accordance with whether or not the polar characters
of' the transmission part 31 and the reception part 32 match in
this manner, the pulse signal starting at the low level and the
pulse signal starting at the high level are switched. Changing
the drive signal in accordance with the polar characters (con-
nection state) in this manner makes it possible to change the
determination scheme.

As described with respect to step S109 and step S111, the
malfunction detection part 805 may detect a malfunction of
the transmission part 31 or the reception part 32. The mal-
function detection part 805 acquires the amplitude of the
reception signal (the voltage V2) output from the reception
part 32 at the timing D when the predetermined time has
elapsed from the timing when the transmission of the ultra-
sonic wave from the transmission part 31 was started inaccor-
dance with the pulse signal whose level was reversed between
the high level and the low level. If the voltage V2 still does not
exceed the threshold Vith, the CPU 80 determines that a mal-
function has occurred in the transmission part 31 or the recep-
tion part 32. Accordingly, it becomes possible to detect a
malfunction of the transmission part 31 or the reception part
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32. Therefore, it will be possible to suppress setting of the
wrong image forming conditions based on an erroneous
determination result caused by a malfunction.

Incidentally, the propagation time of an ultrasonic wave
has temperature dependency. In view of this, the environment
sensor 35 functioning as a temperature detection unit may
detect an environmental temperature of the determination
apparatus. The computing part 807 may compute the prede-
termined time Tg or the timing D based on the environmental
temperature. Accordingly, it becomes possible to precisely
determine the predetermined time Tg and the timing D in
accordance with the environmental temperature.

As described in the second embodiment, the zero cross
detection part 361 detects the zero cross of the reception
signal Sr output by the reception part 32, and outputs the zero
cross signal Se. The comparison part 801 of the CPU 80
compares, with the first threshold t_th1, the elapsed time from
the timing when the transmission of the ultrasonic wave from
the transmission part 31 was started until the falling timing of
the zero cross signal (the fall time tdown). The change part
802 changes the determination scheme for determining the
type of the recording medium P in accordance with the com-
parison result regarding the elapsed time tdown (the fall time
tdown), which is a polar character parameter. In this manner,
apolar character parameter may be the elapsed time from the
timing when the transmission of the ultrasonic wave was
started until the falling timing of the zero cross signal. Note
that, in the second embodiment, the first falling of the zero
cross signal is detected but this is merely one example. For
example, the CPU 80 may compare, with the first threshold,
an elapsed time (fall time tdown) after the predetermined time
Tg elapsed and from the timing when the transmission of the
ultrasonic wave was started until the number of times of
detection of the zero cross (e.g., the number of times of
detection of the falling of the zero cross signal) reached a
predetermined number of times.

As described with reference to FIG. 8, the memory 806 of
the CPU 80 may store a plurality of tables in which the
relation between the transmission coefficient of the ultrasonic
wave and the type of the recording medium is registered. The
memory 806 may be a storage such as a RAM, a ROM, or a
hard disk drive apparatus, for example. As described with
reference to FIG. 9 and FIG. 10, the change part 802 selects a
first table among the plurality of tables if the fall time tdown
is smaller than the first threshold. The change part 802 selects
a second table among the plurality of tables if the fall time
tdown is not smaller than the first threshold. In this manner,
the plurality of tables are provided in a storage such as the
memory 806 in advance, and the tables are switched in accor-
dance with the fall time tdown. Accordingly, an appropriate
table is selected in accordance with the polar characters. That
is, the necessity of managing the polar characters of the
transmission part 31 and the reception part 32 during assem-
bly is eliminated.

The malfunction detection part 805 may detect a malfunc-
tion of the transmission part 31 or the reception part 32 in
accordance with whether or not the fall time tdown exceeds
the second threshold t_th2 that is greater than the first thresh-
old. Accordingly, it becomes possible to detect the malfunc-
tion of the transmission part 31 or the reception part 32.
Therefore, it will be possible to suppress setting of the wrong
image forming conditions based on an erroneous determina-
tion result caused by a malfunction.

The timer part 363 may function as a measuring unit that
measures an elapsed time from a timing when the transmis-
sion of the ultrasonic wave from the transmission part 31 was
started. As described with reference to FIG. 7B and FIG. 7D,
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the zero cross detection part 361 starts detection of a zero
cross when the elapsed time exceeds the predetermined time
Tg. Accordingly, it will be possible to precisely detect the
zero cross in consideration of the response property of the
reception part 32.

As described with reference to FIG. 6, the peak hold part
362 for holding the peak of the amplitude of the reception
signal may be provided. The determination part 803 of the
CPU 80 may obtain the transmission coefficient of the ultra-
sonic wave for determining the type of the recording medium
P based on the peak-held amplitude.

Moreover, the setting part 808 of the CPU 80 may set image
forming conditions (a conveying condition, a transfer condi-
tion, a fixing condition and the like) based on the determina-
tion result of the determination part 803. The CPU 80 controls
an image forming engine for forming an image on the record-
ing medium P in accordance with the image forming condi-
tions set by the setting part 808. Accordingly, it will be pos-
sible to appropriately adjust a conveying property, a transfer
property, a fixing property and the like in accordance with the
type of the recording medium P.

As described above, the voltages of the detection signal Sd
at the timing D and the fall time tdown were illustrated as
polar character parameters. However, other parameters may
be adopted as long as they are polar character parameters
enabling the detection of matching or mismatching of the
polar characters of the transmission part 31 and the reception
part 32.

While the present invention has been described with refer-
ence to exemplary embodiments, it is to be understood that
the invention is not limited to the disclosed exemplary
embodiments. The scope of the following claims is to be
accorded the broadest interpretation so as to encompass all
such modifications and equivalent structures and functions.

This application claims the benefit of Japanese Patent
Application No. 2014-188250, filed Sep. 16, 2014 which is
hereby incorporated by reference wherein in its entirety.

What is claimed is:

1. A determination apparatus comprising:

a transmission unit having two terminals having a polar
character and configured to transmit an ultrasonic wave
by a drive signal being supplied to the two terminals;

a reception unit having two terminals having a polar char-
acter and configured to receive the ultrasonic wave trans-
mitted from the transmission unit and to output a recep-
tion signal from the two terminals in accordance with the
received ultrasonic wave; and

a change unit configured to change a determination scheme
for determining a type of a recording medium, based on
information indicating a relation between a polar char-
acter of the transmission unit and a polar character of the
reception unit, the information having been acquired
from the reception signal.

2. The determination apparatus according to claim 1,

wherein the transmission unit and the reception unit each
have a mutual transformation member having two ter-
minals having a polar character configured to mutually
transform between an electrical signal and an ultrasonic
wave.

3. The determination apparatus according to claim 2,

wherein the mutual transformation member is a piezoelec-
tric element.

4. The determination apparatus according to claim 1, fur-

ther comprising:

a determination unit configured to obtain a transmission
coefficient of the ultrasonic wave from an amplitude of
the reception signal acquired when the recording
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medium is not being conveyed between the transmission
unit and the reception unit and an amplitude of the recep-
tion signal acquired when the recording medium is being
conveyed between the transmission unit and the recep-
tion unit, and determine the type of the recording
medium based on the transmission coefficient.

5. The determination apparatus according to claim 4,

wherein the type of the recording medium is a thickness or
a grammage.

6. The determination apparatus according to claim 1, fur-

ther comprising:

a comparison unit configured to compare, with a threshold,
an amplitude of the reception signal output from the
reception unit at atiming when a predetermined time has
elapsed from a timing when transmission of the ultra-
sonic wave from the transmission unit was started,

wherein the change unit changes the determination scheme
for determining the type of the recording medium, in
accordance with the comparison result of the compari-
son unit.

7. The determination apparatus according to claim 6, fur-

ther comprising:

a generation unit configured to generate the drive signal,

wherein the change unit changes the drive signal in accor-
dance with the comparison result of the comparison unit.

8. The determination apparatus according to claim 7,

wherein the drive signal is a pulse signal of which level
repeatedly changes between a high level and a low level,
and

the change unit reverses the high level and the low level of
the pulse signal if an amplitude of the reception signal
acquired at a timing when a predetermined time has
elapsed from a timing when transmission of the ultra-
sonic wave from the transmission unit was started does
not exceed the threshold, and does not change the pulse
signal if the amplitude of the reception signal exceeds
the threshold.

9. The determination apparatus according to claim 8, fur-

ther comprising:

a malfunction detection unit configured to detect a mal-
function of the transmission unit or the reception unit,
based on the amplitude of the reception signal output
from the reception unit at the timing when the predeter-
mined time has elapsed from the timing when transmis-
sion of the ultrasonic wave from the transmission unit
was started in accordance with the pulse signal whose
level was reversed between the high level and the low
level by the change unit.

10. The determination apparatus according to claim 6,

further comprising:

a temperature detection unit configured to detect an envi-
ronmental temperature of the determination apparatus;
and

a computing unit configured to compute the predetermined
time based on the environmental temperature.

11. The determination apparatus according to claim 1,

further comprising:

a detection unit configured to detect a zero cross of the
reception signal output by the reception unit and to out-
put a zero cross signal; and

a comparison unit configured to compare, with a first
threshold, an elapsed time from the timing when trans-
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mission of the ultrasonic wave from the transmission

unit was started until a falling timing of the zero cross

signal,

wherein the change unit changes the determination scheme
for determining the type of the recording medium, in
accordance with the comparison result of the compari-
son unit.

12. The determination apparatus according to claim 11,

further comprising:

a storage unit storing a plurality of tables in which a rela-
tion between the transmission coefficient of the ultra-
sonic wave and the type of the recording medium is
registered,

wherein the change unit selects a first table among the
plurality of tables if the elapsed time is smaller than the
first threshold, and selects a second table among the
plurality of tables if the elapsed time is not smaller than
the first threshold.

13. The determination apparatus according to claim 12,

further comprising:

a malfunction detection unit configured to detect a mal-
function of the transmission unit or the reception unit, in
accordance with whether or not the elapsed time exceeds
a second threshold that is greater than the first threshold.

14. The determination apparatus according to claim 11,

further comprising:

a measuring unit configured to measure an elapsed time
from the timing when transmission of the ultrasonic
wave from the transmission unit was started,

wherein the detection unit starts detection of the zero cross
when the elapsed time exceeds a predetermined time.

15. The determination apparatus according to claim 11,

further comprising:

a peak hold unit configured to hold a peak of an amplitude
of the reception signal,

wherein the transmission coefficient of the ultrasonic wave
for determining the type of the recording medium is
obtained based on the peak-held amplitude.

16. An image forming apparatus comprising:

a determination apparatus that has:

a transmission unit having two terminals having a polar
character and configured to transmit an ultrasonic
wave by a drive signal being supplied to the two
terminals;

a reception unit having two terminals having a polar
character and configured to receive the ultrasonic
wave transmitted from the transmission unit and to
output a reception signal from the two terminals in
accordance with the received ultrasonic wave; and

a change unit configured to change a determination
scheme for determining a type of a recording medium,
based on information indicating a relation between a
polar character of the transmission unit and a polar
character of the reception unit, the information having
been acquired from the reception signal; and

a setting unit configured to set an image forming condition
based on the determination result of the determination
apparatus; and

an image forming unit configured to form an image on the
recording medium in accordance with the image form-
ing condition set by the setting unit.
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